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Abstract
Involvement of gastrointestinal tract by cytomegalovirus (CMV) is common. CMV infections mainly run their course without any clinical signs in immunocompetent hosts. In contrast, CMV can cause severe infections with serious consequences in a immunocompromised state typically associated with organ transplants, highly immunosuppressive cancer chemotherapy, advanced HIV infection or treatment with corticosteroids. The incidence and severity of these manifestations of CMV is directly proportional with the degree of cellular immune dysfunction, i.e., CD8+ Cytotoxic T- cell response. Clinical manifestations of CMV can become apparent in different situations including reactivation of CMV from latency, primary infection in a seronegative host, or exposure of a seropositive host to a new strain of CMV. As the clinical signs of CMV in immunodeficient patients are usually sparse, physicians should be highly vigilant about CMV infection, a treatable condition that otherwise is associated with significant mortality. Here we report a rare case of severe gastrointestinal CMV infection with sustained immunodeficiency secondary to treatment with steroids manifesting as fatal duodenal diverticular bleeding.
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Core tip: Cytomegalovirus (CMV) can establish as latent infection that can lead to reactivation with immunosuppression. It can affect almost any organ system with gastrointestinal tract involvement being most common. In gastrointestinal tract, besides causing mucosal inflammation, rarely gastrointestinal perforation or hemorrhage may occur. High clinical suspicion is needed for timely diagnosis, as clinical signs are usually sparse for this fatal yet treatable CMV infection.
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INTRODUCTION
Cytomegalovirus (CMV) infection of the gastrointestinal tract is common in immunocompromised patients. It usually presents as vague symptoms including anorexia, fever, diarrhea, abdominal pain, wasting, weight loss and rarely presents with life-threatening complications including gastrointestinal tract perforation and massive gastrointestinal bleeding[1]. Bleeding may result from severe pan-colitis, segmental colitis, isolated well-circumscribed ulcers, or diverticulitis, which in the absence of therapy or delayed diagnosis is progressive and is associated with high mortality rate. This case highlights the rare scenario of CMV infection related massive gastrointestinal bleeding from a duodenal diverticulum. Due to rare occurrence of CMV related fatal duodenal diverticular bleeding, high index of suspicion in an immunocompromised patient with gastrointestinal bleeding is needed to make an early diagnosis and possible favorable outcome.

CASE REPORT 
A 77-year-old Hispanic man was hospitalized in our intensive care unit (ICU) for acute respiratory distress. The patient had been in his usual state of health until approximately 3 days prior to admission, when he developed gradually worsening shortness of breath, fever and productive cough. Patient denied paroxysmal nocturnal dyspnea, orthopnea, lower extremity swelling, chest pain and palpitations. He also denied nausea, vomiting or abdominal pain. There was no history of sick contacts, recent travel, malignancy, HIV or use of immunosuppressive drugs.
Medical history was significant for chronic obstructive pulmonary disease GOLD (Global Initiative for Chronic Obstructive Lung Disease) stage IV requiring home oxygen since 3 years, anxiety disorder, coronary artery disease and systolic congestive heart failure. He was an active cigarette smoker with history of 60 pack years, used intravenous heroin and cocaine many years ago and was receiving maintenance doses of Methadone, denied alcohol use. He had no known drug allergies. His medications at home included Albuterol, Fluticasone-Salmeterol, Tiotropium, Docusate, Senna, Mirtazapine, Zolpidem, Ibuprofen, Acetaminophen-Oxycodone, and Oxygen. He had undergone right inguinal herniorraphy many years ago. He was born in Puerto Rico, received education till ninth grade, was married and lived with his family. His family history was unremarkable.
On examination at his arrival to emergency room, he was afebrile, heart rate 120 beats per minute, respiratory rate 28 per minute, blood pressure 150/86 mmHg and oxygen saturation was low at 81 percent while breathing ambient air. General physical examination revealed anicteric conjunctivae, without petechiae or hemorrhage. The oropharynx was clear and neck was supple with no lymphadenopathy. The breath sounds were decreased bilaterally with wheezing, a grade 3/6 holosystolic murmur was heard at apex radiating to the axilla. The abdomen was non-distended with normal bowel sounds, soft, non-tender and no organomegaly. There was no costovertebral angle tenderness. There was no pedal edema in the legs bilaterally. No rash, ulcerations, or other skin lesions were present. 
Important laboratory findings during hospitalization are shown in Table 1. Serological tests for Hepatitis B and C were negative. CT chest with contrast ruled out pulmonary embolism but showed bilateral infiltrates.
Initial management included noninvasive positive pressure ventilation, intravenous antibiotics, intravenous steroid and bronchodilator nebulization with an impression of chronic obstructive pulmonary disease exacerbation. Subsequently, his trachea was intubated orally with endotracheal tube due to acute hypercapneic respiratory failure. Due to lack of clinical improvement despite antibiotics and other medical therapy, bronchoscopy was performed on day 4 of hospitalization which revealed thick mucoid secretions bilaterally but more in the in the right lower lobe. Antibiotics were changed to Ceftazidime and Trimethroprim/Sulfamethoxazole after cultures of brochoscopic lavage fluid revealed Acinetobacter baumanii and Stenotrophomas maltophilia.
He was successfully extubated and liberated of ventilator support on day 12. Hospital course was prolonged and complicated with pre-renal acute kidney injury, which responded to intravenous fluids, Acinetobacter baumanii urinary tract infection, acute pulmonary embolism with hypoxic respiratory failure requiring re-intubation of trachea on day 25 and placement of an inferior vena cava filter. Subsequently on day 28, tracheostomy was done due to prolonged mechanical ventilation and failed weaning trials. On day 40, he had a massive gastrointestinal bleed with sudden decline in hemoglobin from 7.1 g/dl to 4.8 g/dl. Despite aggressive resuscitation with packed red blood cell transfusion, he suffered a cardiac arrest after which his family members did not want to pursue any aggressive measures. Unfortunately, he expired within few hours on the same day.
Post mortem examination showed large well-circumscribed duodenal diverticulum with ulcerated mucosa adjacent to eroded artery in posterior wall of first part of duodenum (Figure 1). Histopathological examination of the duodenal diverticulum revealed owl eyed inclusion bodies, characteristic for CMV (Figure 2). 

DISCUSSION
History
In 1881, German pathologist Hugo Ribbert, discovered intranuclear inclusions like cytomegalovirus in newborns with syphilis and parotid gland of children and believed it to be a protozoan like structure[2]. Thereafter, for several years many researchers had similar observations and believed it be coccidia, sporozoa, embryonic epithelial cells and so forth, but not virus. It was only in 1925 when two pathologists, William C. Vonglahn and Alwin M. Pappenheimer from New York, considered these to be a virus[3]. Wyatt et al[2] gave the term cytomegalic inclusion disease to the spectrum of manifestations occurring from this organism. Later Thomas H. Weller, American virologist not only coined the term cytomegalovirus virus, but also isolated this virus in tissue cultures.

Virology and immunology
CMV is anicosahedral shaped, encapsulated, double-stranded DNA β-herpes virus, with varying size of 150 to 200 nm in diameter. The complete virion consists of an inner core of DNA genome, surrounded by capsid, which in turn is surrounded by proteinaceous tegument and an outer lipid envelope (Figure 3). The genome of CMV is a double stranded DNA of about 236 kB in size and has two segments – unique long (UL) and unique short (US) segment. These segments are flanked on their ends by terminal repeat and inverted repeat sequences. The expression of human CMV occurs in a coordinated fashion and comprises the expression of following three groups of genes – immediate early, early and late genes. Immediate early genes encodes mostly regulatory proteins, early genes code for proteins responsible for viral replication and late genes encode for proteins involved in the final assembly of the virion[4].
Virus gains entry to the host cell by fusion of the virus envelope with the host cell membrane or through phagocytosis. CMV like other herpes viruses produces two different kinds of glycoproteins gB and gH/gL which are needed for entry of CMV into human cells. Glycoprotein gB helps in interaction of CMV and the intended cell of entry, whereas glycoprotein gH/gL helps in actual cell entry of CMV. Glycoprotein gH/gL either binds with another glycoprotein gO or three proteins UL 128, UL 130 and UL 131 to facilitate the entry of CMV into cells[5]. The glycoprotein gH in envelope is highly pleomorphic, which is partially responsible for heterogeneity of CMV isolates, the concept of super infection with one strain upon another. This genetic pleomorphism also explains why immunity is not absolute, while also hindering the development of an effective vaccine against CMV.
After gaining entry into human cell, CMV elaborates several proteins, which help CMV evading the human immune system. It produces proteins to prevent cell apoptosis, interfere with interleukin production, inhibit natural killer cells, and block presentation of CMV to T cells. It also produces interleukins resembling human Interleukin 10, which can suppress the mononuclear cells[6]. A critical step involved in persistence of CMV in human cells is its ability to establish latency and reactivate. Recently it has been discovered that CMV can establish latency in CD34 positive myeloid progenitor cells. The key step in establishing CMV latency is to prevent the expression of viral immediate early gene, and hence preventing the cell from entering the lytic cycle.  Viral major immediate early promoter (MIEP) is an important regulator, which controls the expression of viral immediate early gene. During the periods of viral latency MIEP becomes transcriptionally inactive, suppressing the expression of viral immediate early genes and hence establish latency[7].

Epidemiology
CMV is a ubiquitous herpes virus and is prevalent worldwide. It can be transmitted intrauterine from mother to fetus during pregnancy or post-partum during breastfeeding. Besides in-utero transmission, CMV can also be acquired through person-to-person direct contact that can be sexually or by exposure to infected body fluids like urine and saliva. Transmission of CMV from these infected body fluids to human hands is an important source of CMV transmission and survival. It has been shown by Stowell et al that CMV can survive on hands for about 15 minutes and on wet surfaces for as long as 6 hours, hence remains a potential threat for transmission during this time[8,9]. Viability of CMV on these surfaces for such a long time contributes significantly to its increased worldwide burden and seroprevalence among different populations. In a review of seroprevalence in women of reproductive age group in different countries across the world, Cannon et al[10] reported high seroprevalence in South America, Africa and Asia. CMV seroprevalence was as high as 90% or above in certain countries like India, Italy, Japan, Saudi Arabia and Spain. In a recent study evaluating seroprevalence of CMV in the United States based on the presence of antibodies, it was found that seroprevalence in the United States in the age group 6-49 years old during period 1999 to 2004 was 50.4%.  Rates of CMV seropositivity in this study significantly correlated with various factors including female sex, older age, ethnic groups (more in non-Hispanic black and Mexican American), foreign birthplace and low socioeconomic status (low household income, lack of insurance, low household education, and high crowding index)[11]. According to Centers for disease control and prevention (CDC) estimates, about 30000 babies are born each year with congenital CMV infection[12]. In United States about 1%-4% of pregnant women acquire primary CMV infection. Transmission of CMV infection from the mother to the fetus is hugely impacted by the mode mother acquired her infection – primary versus non-primary. The transmission rate for a primarily infected mother is about 33 percent as compared to 1%-3% for a mother with reactivation (non-primary infection) of CMV[13]. 

Clinical manifestations
Acute infection is mostly asymptomatic in a young and healthy adult but in about 10% patients it can be associated with a transient mononucleosis like illness, which manifests as fever, lymphadenopathy and atypical lymphocytosis[14]. However, it is important to remember that various other organisms besides CMV can cause these symptoms; EBV being most common and various other pathogens like human immunodeficiency virus (HIV), human herpes virus 6 (HHV 6) and group A streptococcus. It is often not possible to differentiate these pathogens based on clinical presentation; though lymphadenopathy, splenomegaly and pharyngeal erythema are less extensive with CMV as compared EBV and elevated transaminases are more commonly seen with CMV[15]. Considering the difficulty in differentiation of these organisms on clinical grounds, it is of paramount importance to exclude EBV infection with heterophile antibody test before considering CMV. Although, no formal guidelines have been suggested till date on how to approach patients with mononucleosis, testing for heterophile antibodies, group A streptococcus rapid antigen test and CMV IgM antibody is advisable[16] (Figure 4). Further complicating the diagnostic problems, cases with coinfection of EBV and CMV have also been described. Although the effect of coinfection on the severity of disease has not been studied, longer duration of disease has been reported[17]. 
Once the infection is acquired, there is a lifelong latency coupled with the risk for intermittent reactivation. Reactivation from the latency has classically been associated with immunosuppression. It is believed that monocytes and bone marrow progenitor cells are the favored sites for human CMV latency. During the period of latency the live virus is sequestered in a non-replicative state. Persons with latent infection have no symptoms but do have antibodies against CMV.
CMV primary infection involves acquisition of virus by a seronegative host. It can also occur after a seropositive host acquires a new strain of CMV or reactivation of latent virus. Significant immunosuppression, which makes an individual susceptible to CMV reactivation, can occur in a transplant recipient receiving immunosuppressive therapy, or in clinical conditions associated with immunosuppression like malignancy or infection with human immunodeficiency virus. CMV reactivation, though more common in immunosuppressed individuals, can also be seen in 33% of critically ill immunocompetent patients, in whom it is associated with prolonged hospitalization and mortality[18]. A physician has to be more vigilant to be able to diagnose CMV reactivation in an immunocompetent individual where the diagnosis of CMV is not sought as promptly as in an immunocompromised individual.
Acute manifestations of CMV disease in an immunocompetent patient, although less common as compared to an immunocompromised individual, can still manifest as a wide variety of disorders (Figure 5). CMV manifestations can infect different body systems including gastrointestinal tract, central nervous system, respiratory system, hematological system and others. Gastrointestinal tract is the most commonly involved system with CMV infection. Gastrointestinal CMV disease is an erosive or ulcerative process that can occur at any location in the gastrointestinal tract (Figure 6), from mouth to rectum, with colon being the most common and the small bowel being relatively rarely affected[1]. 

Gastrointestinal manifestations
Oral cavity: Involvement of the oral cavity by CMV although not common, has been associated with periodontitis[19], severe sialadenitis[20], gingival hyperplasia[21] and oral ulcers[22]. Oral ulcers can involve any part of oral cavity - hard or soft palate, upper or lower lip, gingiva, buccal mucosa and tongue[23]. Patient with CMV related oral ulcerations often present with painful oral ulcers. 

Esophagus: In esophagus, CMV manifestations can vary from esophagitis to severe ulcerations and acute esophageal necrosis that is also known as black esophagus[24]. Rarely presentation with pseudotumor formation has also been reported[25]. Patients can complain of odynophagia, dysphagia, substernal chest pain and hematemesis in varying combinations depending upon the severity of their esophageal involvement. Wilcox et al in a review of 33 patients with CMV esophagitis reported no pathognomonic features related to CMV on endoscopy, however, in general CMV associated esophageal ulcerations were more commonly located in mid to distal esophagus, multiple in number, often shallow and more than 1cm in size[26].

Stomach: Gastric involvement by CMV commonly manifests as erosions or ulcers. Ulcers can be solitary or multiple. Gastritis from CMV can rarely progress in severity and manifest as hemorrhagic necrotic gastritis[27]. Patients can present with symptoms of abdominal pain, nausea, vomiting and hematemesis. Interestingly, postural epigastric pain relieved in supine position associated with CMV gastritis has been described in literature[28]. Infrequently, CMV in stomach has been associated to Menetrier’s disease[29], gastric outlet obstruction[30] and gastric perforation[31]. 

Small and large intestine: Enterocolitis is the most common manifestation of CMV infection. Diarrhea is the most dominant symptom of patients with CMV enterocolitis[32], though abdominal pain, fever and hematochezia can also be present. Enterocolitis may lead to life threatening complications like fatal gastrointestinal hemorrhage[33], toxic megacolon, acute appendicitis, colonic stricture[34], intestinal obstruction[35], intestinal perforation and peritonitis. Perforation of the gastrointestinal tract is the most lethal complication and is commonly seen between ileum and splenic flexure, with colon being the most commonly involved site followed by terminal ileum[36]. Perforation of jejunum has also been reported in literature, however perforation of a duodenum affected with CMV as in our case has never been seen before. Patients requiring endoscopic work up in a suspected case of CMV colitis, should get a complete colonoscopy rather than a flexible sigmoidoscopy as about 39 percent patients may only have right sided CMV colitis[37]. CMV colonic ulcers are mostly multiple and often larger than 3cm as reported in a case series by Lin et al[38]. Differentiating CMV enterocolitis from other infectious or non-infectious enterocolitis in the absence of histopathological confirmation of CMV can be challenging. However, mild colonic mural thickening (defined as less than 8mm) with concomitant small bowel involvement has been suggested as a differentiating feature by Chae et al[39]. These researchers also demonstrated colonic wall thickening as the most common finding, followed by small bowel wall thickening in 30% patients. Interestingly, it was also noticed that all the patients with CMV small bowel involvement had concentric mural thickening with single halo enhancement pattern, however the appearance of involved colon was variable. Endoscopic findings of CMV enterocolitis, though not pathognomonic, are erythematous, edematous or hemorrhagic mucosa with geographic or punched out ulcers[39]. Benign and often incidental finding of pneumatosis intestinalis noticed on endoscopy or imaging study has also been attributed to CMV infection[40]. Like other parts of gastrointestinal tract, formation of pseudotumors in intestines has also been reported repeatedly in literature[41,42].
Perianal: Involvement of dermis is not a common phenomenon, excluding severely immunocompromised individuals where CMV can manifest as painful chronic perianal ulcers. Lesions other than ulcers, namely maculopapular eruptions, vesiculobullous lesions, petechiae, plaques and nodules have also been described[43].

Liver: Features of CMV infection of liver can range from minimally elevated bilirubin and/or liver enzymes to fulminant hepatic failure[44]. First case of liver involvement by CMV was described by Lamb and Stern[45], and since then numerous cases have been brought into light. In a case series reported by Hasosah et al[46] cholestatic hepatitis was the most common presentation. Immunocompetent patients with CMV infection of liver may remain asymptomatic, however immunosuppressed individuals suffer severe morbidity and mortality from this infection. In post transplant immunosuppressed patients; CMV besides causing damage to different organs of the body poses a threat of acute and chronic graft rejection. Two most important risk factors identified for graft rejection are transplant from a seropositive donor to seronegative recipient and intensity of immunosuppression, which is most intense in first three months. Two different strategies namely prophylactic and preemptive therapy have been utilized by different transplant centers to prevent CMV infection after liver transplant.

Biliary and pancreatic: Pancreatobiliary involvement of CMV infection is very rare. CMV leading to complications like duodenal papillitis, acute pancreatitis[47] and acalculous cholecystitis[48] have been described. Acalculous cholecystitis caused by CMV is undifferentiable from other varied causes of acalculous cholecystitis and presents as epigastric pain associated with nausea or vomiting. Fatal and extremely uncommon complication like perforation of gall bladder has also been reported in medical literature. 

Pathogenesis: The pathogenesis of gastrointestinal lesions caused by CMV is a complex process. CMV affects columnar epithelial cells, endothelial cells and myofibroblasts within the lamina propria causing mucosal inflammation and ulceration. Vascular endothelial involvement in submucosa is strongly implicated in the pathogenesis of ulceration causing subsequent ischemic mucosal necrosis[49]. Endothelial cell invasion leads to enlarged swollen cells with cytomegalic viral inclusions, luminal blockage, and fibrin thrombi, resulting in small vessel vasculitis and damage to the tissues supplied by the affected vessels or sometimes the ulcer eroding the vessel surface causing sudden GI bleeding.

Diagnosis: Diagnosis of CMV gastrointestinal infection often needs an endoscopic work up. Ulcerations, erosions, and mucosal hemorrhage are the primary endoscopic findings. Diagnosis of gastrointestinal CMV disease is confirmed by demonstration of erosive process in gut wall with positive mucosal biopsy that shows the presence of CMV. CMV can be demonstrated by histopathologic (Owl’s eye inclusion bodies) or other techniques including staining for CMV antigen, DNA assay by real time polymerase chain reaction (PCR) and culture[50]. These quantitative assays may be particularly useful for early detection of CMV disease and for the monitoring of therapy.

Management: Management of patient’s with CMV infection should include supportive measures, nutritional support, decreased immunosuppression if possible, and empiric treatment with Ganciclovir, Valganciclovir[51] or Foscarnet. Although CMV infection is systemic and medical therapy effective, surgery may be indicated for life threatening gastrointestinal hemorrhage and/or perforation. However in case of a massive diverticular bleed, despite immediate surgery and antiviral therapy, mortality remains high due to high operative mortality and increased postoperative complications.

DISCUSSION
CMV, a worldwide prevalent herpes virus, is acquired through intrauterine infection or by contact with infected body fluids. Infected individual may have no symptoms or present as mononucleosis like illness.  CMV can establish as latent infection that can lead to reactivation with immunosuppression. It can affect almost any organ system with gastrointestinal tract involvement being most common. In gastrointestinal tract, besides causing mucosal inflammation, rarely gastrointestinal perforation or hemorrhage may occur. High clinical suspicion is needed for timely diagnosis, as clinical signs are usually sparse for this fatal yet treatable CMV infection.
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Background
Cytomegalovirus (CMV) infection manifestations are varied with the gastrointestinal tract involvement being most common. CMV infection does not cause any symptoms in the majority of immunocompetent individuals and leads to mononucleosis like illness in about 10%, however can lead to fatal manifestations in an immunocompromised patient.

Research frontiers
Gastrointestinal CMV disease is an erosive or ulcerative process that can occur at any location in the gastrointestinal tract, from mouth to rectum, with colon being the most common and the small bowel being relatively rarely affected.

Innovations and breakthroughs
CMV colitis has been frequently reported in immunocompromised patients. We here report a case of fatal gastrointestinal bleed from a duodenal diverticulum secondary to CMV infection in a patient with sustained immunodeficiency secondary to treatment with steroids.

Applications
As the clinical signs of CMV in immunodeficient patients are usually sparse, physicians should be highly vigilant about CMV infection, a treatable condition that otherwise is associated with significant mortality.

Terminology
Duodenal diverticulum is an outpouching from duodenal wall that may develop as a result of partial or complete prolapse of duodenal wall.
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Figure 1 Post mortem examination showed large well-circumscribed duodenal diverticulum with ulcerated mucosa adjacent to eroded artery in posterior wall of first part of duodenum. A: Artery adjacent to the ulcerated mucosa in duodenal diverticulum; B: Duodenal mucosa – Artery adjacent to the ulcerated mucosa in duodenal diverticulum (Hemotoxylin and eosin  200).
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Figure 2 Owl’s Eye inclusion body in duodenal diverticulum.
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Figure 3 Cytomegalovirus structure.
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Figure 4 Approach to mononucleosis.
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Figure 5 Manifestations of cytomegalovirus. 
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Figure 6 Cytomegalovirus gastrointestinal manifestations.









Table 1 Laboratory findings during hospitalization
	Parameter
	Value
	Parameter
	Value

	pH
	7.23
	Bicarbonate 
	30 mEq/L

	pCO2
	74.5 mmHg
	BUN
	13 mg/dL

	pO2
	77.2 mmHg
	Creatinine
	0.9 mg/dL

	SaO2
	93%
	INR
	1.1

	Hemoglobin
	11.6 g/dL
	S. Protein 
	6.1 g/dL

	Hematocrit
	34.8%
	S. Albumin 
	2.8 g/dL

	White count 
	10.9 k/μL
	AST
	41 Unit/L

	Platelet
	205 k/μL
	ALT
	35 Unit/L

	Sodium
	141 mEq/L
	Alkaline Phosphatase
	73 Unit/L

	Potassium
	4.2 mEq/L
	Bilirubin (total)
	0.4 mg/dL

	Chloride
	103 mEq/L
	Bilirubin (direct)
	0.2 mg/dL
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CMV manifestations

<> Asymptomatic

<> Mononucleosis like illness

<> Congenital: hearing loss, mental disability, seizures, death

<> Gastrointestinal: ulcers from mouth to anus, esophagitis, gastritis,
enterocolitis, perforation, gastrointestinal hemorrhage, obstruction,
pseudotumor

<> Hepatobiliary: cholestatic hepatitis, fulminant hepatic failure, acalculous
cholecystitis, pancreatitis

<> Pulmonary: pneumonia

<> Vascular: pulmonary embolism, deep vein thrombosis

<> Eye: uveitis, retinitis, choreoretinitis, papillitis

<> Heart: myocarditis, pericarditis

<> Skin: skin rash — maculopapular, vesiculobullous, petechiae, plaques,
nodules

<> Hematologic: thrombocytopenia, hemolytic anemia, pancytopenia,
disseminated intravascular coagulation, splenic rupture

<> Neurologic: myelitis, radiculopathy, nerve palsies, paresthesias, motor
deficits

<> Kidney: glomerulonephritis, collapsing glomerulopathy
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